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AGEBRUSH-GRASS
range plays an important part in the western sheep industry. Because of its topographical location between low wintering areas and high summer ranges it receives use during two separate periods of the year. This use occurs in the spring prior to readiness of the summer range, at which time ewes with young lambs require abundant succulent feed, and again in the fall when ewes need conditioning for breeding.
This study of the effects of spring and fall grazing on sagebrush-grass range was conducted at the U. S. Sheep Experiment Station near Dubois, Idaho. It is based upon changes in vegetal composition over a 25-year period (1924-49) .
A similar comparison was made by Craddock and Forsling (1938) over a g-year period from 1924 through 1932. They not only found that heavy spring stocking reduced grasses and forbs while unpalatable shrubs greatly increased, but that heavy fall grazing alone caused an increase in palatable grasses and forbs while shrubs, chiefly threetip sagebrush (Artemisia tripartita), were slightly decreased. They concluded that fall stocking alone is a method of improving depleted sagebrush-grass lands without sacrificing current forage production.
Besides covering changes over a much longer period than those described rather 1 This study was conducted by the Intermountain Forest and Range Experiment Station, Forest Service, U. S. Department of Agriculture, in cooperation with the Bureau of Animal Industry, at the U. S. Sheep Experiment Station, Dubois, Idaho. briefly by Craddock and Forsling, the present study gives a more -detailed account of trends and changes in individual species.
NIETHoD~
In 1920 two adjacent go-acre pastures (Paddocks 1 and 2) were established near the U. S. Sheep Experiment Station headquarters on sagebrush-grass range. These pastures have been grazed by sheep since that time.
From 1923 to 1948 Paddock 1 was grazed only in the fall of the year while Paddock 2 was grazed both in spring and fall. Average rates of stocking for each of four periods prior to vegetal inventories are given in Table 1 . It can be seen from 1923-1929 1930-1935 1936-1940 1941-1948 1923-1948 Industry for breeding pens, holding pastures, and other similar purposes. These uses, rather than actual grazing capacities, largely determined the stocking rates. Concurrent studies indicate that proper grazing capacity of such sagebrush-grass range in good condition is about 18 sheep days per acre in the spring and an equal amount in the fall, or a total of approximately 36 sheep days per acre each year. Obviously these pastures received heavier use than this during the initial 7-year period. It is not possible to provide a reliable picture of actual forage use during the study as utilization records were made in only a few of the years.
Vegetation of the two pastures was inventoried in 1924, 1930, 1936, 1941, and 1949 . In 1924 the vegetation was compared as to density and composition by use of the general reconnaissance method of range inventory (Stoddart and Smith, 1943) . It was inventoried in 1930 by the point-observation-plot (square-foot-density) method (Stewart and Hutchings, 1936) , by which forty 100-square-foot plots were estimated in each pasture. Inventories were made in the years 1936, 1941, and 1949 by use of the weight-estimate method (Pechanec and Pickford, 1936) . In using this method forty lOO-square-foot plots in each pasture, different from those used in 1930, were estimated.
Direct comparisons of herbage production are not possible between the various years because of differences in inventory methods and because of herbage fluctuations due to weather. However, it is possible to compare vegetal production throughout the entire period by converting individual species production to a percent of the total. Percentage compositions computed from density and weight estimates were shown to be comparable by the 1936 data in which both density and weight estimates were made on the same plots. In addition to following the changes in either pasture through the course of the study by use of percentage composition, it is possible to make direct comparisons of herbage production between pastures in any one year.
FALL VERSUS SPRING-FALL USE Paddocks 1 and 2 were similar at the beginning of t,he study in 1924 both as to species present and quantities of vegetation produced (Table 2 ). In both areas the grasses and shrubs each composed roughly 40 percent and the forbs 20 percent of the total vegetation ( Fig. 1) . The 1924 data, as judged by standards set up by Pechanec and Stewart (1949) for sagebrush-grass range, indicate that both pastures were originally in good condition.
Twenty-five years later, in 1949, the two pastures differed greatly (Table 2 and Fig. 1 ). In Paddock 2 the proportion of shrubs had increased to more than three-quarters of the total vegetation while Paddock 1 shrub production remained less than half of the total vegetation. All of the shrub species except plains pricklypear (Opuntia polyacantha) were more abundant in Paddock 2 than in Paddock 1. Production of antelope bitterbrush (Purshia tridentata) and granite gilia (G&a pungens) was more than double that in Paddock 1.
By 1949 forb production in Paddock 2 had decreased to 5 percent of the tot,al while it increased to 29 percent in Paddock 1. The forbs that suffered most in Paddock 2 were arrowleaf balsamroot (Balsamorhixa sagittata), tapertip hawksbeard (Crepis acuminata), common comandra (Comandra umbellata), and tailcup lupine (Lupinus caudatus). All of these are fairly good forage species. Herbage production of balsamroot, the most important forb on sagebrush-grass in Paddock 2 to less than 1 percent of cont,sined 21 pwccnt grass while that in that in Paddock 1 (Fig. 2) . Paddork 2 contained only 10 percent.
Grass product,ion also differed markedly All of the desirable grasses nwe more abundant in Paddock 1. It is also notable that the relatively undesirable bottlebrush squirreltail (Sitanion hystrix) and cheatgrass brome (Bromus tectorum) were definitely more abundant in Paddock 2. Little significance can be attached to apparent differences in plant species composing less than 1 percent of the total vegetation. Distribution of most of these species was so erratic that they were not adequately sampled by the technique employed. The apparent increase in the number of species present in 1949 over 1924 was possibly the result of a more intensive inventory in 1949. It is not probable that so many species could have invaded the area during this period; it is therefore assumed that many of the minor species were overlooked in 1924. Some note should be taken, however, of the presence of certain species in one pasture and not in the other. Apparently grazing pressure had driven some species such as lupine out of Paddock 2 and allowed less desirable species to invade.
TREND UNDER FALL USE
The proportions of the vegetation classes in Paddock 1 changed comparatively little throughout the study. Changes that did occur are, for the most part, attributed to weather fluctuations rather than grazing use. It is thought the sharp decrease in percent of grass and increase of forbs in 1936 (Fig. 1) was the result of a severe drought in 1934. Pechanec (1937) reported that this drought caused the breaking up of major grass clumps and surmised that they were so severely damaged as to be incapable of immediate recovery. The forbs, on the other hand, recovered from the drought very rapidly and thus by 1936 gained a temporary advantage over the grass.
The 1941 inventory showed a considerable decrease of shrub production in Paddock 1. This was probably the result of two separate factors. Deep snows in the fall of 1940 caused exceptionally heavy utilization of shrubs which tended to reduce their vigor the following year. This, combined with very favorable moisture conditions for grass and forb growth in the spring of 1941, resulted in an unusual abundance of herbs. In contrast the inventory in 1949 appeared to be slightly biased in favor of the shrubs. Spring precipitation in 1949 was unfavorable for the early growth of herbs; as a result their proportion of the total vegetal production was reduced, thus increasing the apparent proportion of shrubs.
With the exception of the year 1940, fall utilization of shrubs was too slight to have much effect; however, the heavy utilization in 1940 indicates that if it is possible to utilize shrubs heavily in the fall over a period of years, a substantial lowering of their production may occur with a corresponding increase in* the production of herbs.
During the study period a number of the principal species in Paddock 1 showed unusual variations.
Some of these deviations are believed to be the result of fall grazing pressures. Bitterbrush and broom snakeweed (Gutierrexia sarothrae) were reduced by heavy stocking and were only able to increase during the 1941-49 period of comparatively light use. Both of these species are moderately palatable on this range and at times receive heavy use. Gilia also decreased under heavy fall stocking, but it remained at a low level for the rest of the study period. Downy rabbitbrush (Chrysothamnus puberulus) increased while the area was heavily stocked and began to decrease upon the reduction of stocking. Fall stocking had little effect upon spineless gray horsebrush (Tetradymia canescens inermis) until the latter period of reduced stocking at which time it decreased markedly. The only major grass species severely reduced in Paddock 1 was thickspike wheat'grass (Agropyron dasystachyum) . Both squirreltail and needleandthread (Stipa comata) also decreased markedly during the first period of heavy stocking, but increased considerably with a reduction in stocking after 1936. Hoary phlox (Phlox canescens) was one of the few principal forb species that noticeably deviated from the class trend. It continued to decrease until stocking had been considerably reduced, and then began to increase. The pussytoes (Antennaria spp.), however, were decreased and did tiot recover.
At the end of the study Paddock 1 as a whole, was in good condition, having neither noticeably suffered from fall grazing nor markedly benefited.
TREND UNDER SPRING USE
By expressing actual herbage production of Paddock 2 in each inventory year as a percentage of the production of Paddock 1 in the same' year, factors other than grazing that influence trend may be minimized (Fig. 3) . The greatest In this '-/-year interval, shrub production increased to 176 percent of that in Paddock 1 while grass and forb productions were reduced to 26 and 16 percent, respectively. Production of shrubs continued to increase until 1941, at which time it was 224 percent of that in Paddock 1. Figures 1 and 3 both show that this increase in proportion of shrubs near the beginning of the study has persisted as a major difference between the pastures. Lesser trends are apparent, however. With reduction of spring stocking after 1930 by more than half, grass production began to increase. Forb production began to increase during the 1937-41 period when spring stocking was reduced to one-third the original rate. The improvement in Paddock 2 was only achieved after a long period of comparatively light stocking. This indicates that although heavy spring use can deplete a range rapidly, restoration of the range under proper use is a very slow process. Few major species in Paddock 2 deviated from these class trends. Bitterbrush and snakeweed reacted just opposite to the shrub class as a whole; they were reduced considerably during the period of heavy spring use, but were able to increase greatly under lighter spring stocking after 1936. Squirreltail and cheatgrass were the only grasses that increased under spring stocking. During the period of heavy use squirreltail was reduced in the same way as the other grass species, but lighter stocking enabled it to increase rapidly. Cheatgrass increased throughout the study.
Although the trend in Paddock 2 was upward after 18 years of. comparatively light stocking, this paddock was still in poor condition at the end of the study.
The difference between the two pastures in 1949 is even more pronounced when availability of the vegetation is considered. Availability of herbs is largely determined by the abundance of shrubs, almost all of which are undesirable. In 1949 Paddock 2 had 72 percent as much total grass as Paddock 1, but only 56 percent as much available grass. The total forb production was 20 percent of that in Paddock 1, but the available forb production was only 16 percent, This large difference was reflected in the 1949 grazing capacity which was three times greater in Paddock 1 than in Paddock 2.
SUMMARY AND COLLUSIONS
Studies were conducted on spring-fall sheep range at the U. S. Sheep Experiment Station near Dubois, Idaho to determine the relative effect of fall and spring-fall grazing on vegetation of sagebrush-grass range.
During the 25-year study period vegetal inventories were made on one area that was grazed only in the fall, and on a similar area that was grazed in the spring and again very lightly in the fall. Because of differences in methods of inventory, comparison of the areas from year to year is based on percent of herbage composition. Direct comparison of the area is possible in any one year.
After 25 years of treatment, the two areas that were originally similar differed greatly. Heavy fall stocking did not markedly affect the area in good condition. The shrubs were utilized very lightly, and the proportions of shrubs, grasses, and forbs remained more or less constant. This area was considered to be in good condition throughout the study period.
The area grazed in both the spring and fall, however, contained 173 percent as much brush, 72 percent as much grass, and 20 percent as much forbs as the fall-grazed area at the end of the study period. This area changed from good to poor condition. Heavy spring stocking during the initial 7-year period greatly reduced the production of grass and forbs and increased that of shrubs. During the following 18 years of comparatively light spring stocking the grasses made a substantial increase while the forbs improved slightly. By the end of the study 78 percent of the vegetation in the spring-and fall-grazed pasture was undesirable brush, whereas the fallgrazed pasture contained only 47 percent brush. The grazing capacity of the spring-and fall-grazed pasture was less than one-third that of the fall-grazed pasture.
The results of this study suggest the following conclusions regarding sagebrush-grass range of the upper Snake River plains :
1. Heavy stocking in the fall will not markedly affect grass and forb production; ' it may cause a decrease
